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A N A L Y T I C A L R E S U L T S F O R
R I C O - A R G E N T I N E M I N E

I N R I C O , C O L O R A D O

I . I N T R O D U C T I O N

T h i s r e p o r t w a s p r e p a r e d t o s a t i s f y t h e r e q u i r e m e n t s o f T e c h n i c a l
D i r e c t i v e D o c u m e n t ( T D D ) R8-8502-09 i s s u e d t o E c o l o g y a n d E n v i r o n m e n t ,
I n c . F i e l d I n v e s t i g a t i o n T e a m ( E & E F I T ) b y t h e R e g i o n V I I I
E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( E R A ) . T h e r e p o r t d e s c r i b e s
a n a l y t i c a l d a t a r e s u l t i n g f r o m s a m p l e c o l l e c t i o n a t t h e R i c o - A r g e n t i n e
M i n e o n N o v e m b e r 1 4 , 1985. T h e p u r p o s e o f t h i s s a m p l i n g e f f o r t w a s t o
e v a l u a t e the e x t e n t o f c o n t a m i n a t i o n t h a t has occurred as a r e s u l t o f
p a s t m i n i n g a c t i v i t i e s a t t h e R i c o - A r g e n t i n e M i n e . S a m p l i n g f o c u s e d
o n p o s s i b l e c o n t a m i n a t i o n o f s u r f a c e water .

T h e R i c o - A r g e n t i n e M i n e i s l o c a t e d n o r t h o f R i c o , C o l o r a d o a n d i s
a n i n a c t i v e o p e r a t i o n owned b y t h e A n a c o n d a M i n e r a l s C o m p a n y .
I n i t i a l l y , t h e c h i e f m e t a l p r o d u c e d i n t h e R i c o D i s t r i c t w a s s i l v e r .
T h e r e w a s a s w i t c h t o p y r i t e f o r s u l f u r i c a c i d p r o d u c t i o n d u r i n g t h e
1954 u r a n i u m boom a n d a s u l f u r i c a c i d p l a n t w a s b u i l t . O p e r a t i o n s
c o n s i s t e d o f a m i l l a n d t a i l i n g s p o n d o n S i l v e r C r e e k a n d a n a c i d
p l a n t , c y a n i d e h e a p l e a c h , a n d s e t t l i n g p o n d s o n t h e D o l o r e s - R i v e r .
T h e r e were t w o d i s c h a r g e p o i n t s a s s o c i a t e d w i t h t h e o p e r a t i o n .
D i s c h a r g e p o i n t 0 0 1 w a s t h e d i s c h a r g e f r o m t h e B l a i n e T u n n e l o n S i l v e r
C r e e k . T h e r e i s no l o n g e r d i s c h a r g e f r o m 001 b e cau s e i t i s r e d i r e c t e d
u n d e r g r o u n d t o t h e S t . L o u i s T u n n e l where i t d r a i n s i n t o t h e S t . L o u i s
S e t t l i n g P o n d S y s t e m o n t h e D o l o r e s R i v e r . T h e o u t f a l l o f t h e f i n a l
p o n d i n t o t h e D o l o r e s R i v e r i s d i s c h a r g e p o i n t 002.

I n A p r i l o f 1984, A n a c o n d a M i n e r a l s C o m p a n y p u t i n t o e f f e c t a
water t r e a t m e n t o p e r a t i o n a t t h e S t . L o u i s T u n n e l . T h e o p e r a t i o n
c o n s i s t s o f n e u t r a l i z a t i o n u s i n g s l a k e d l i m e .
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T h e c i t y o f R i c o r e c e i v e s i t s d r i n k i n g w a t e r s u p p l y f r o m S i l v e r
Creek above t h e m a j o r m i n i n g i m p a c t s . T h e water i s t r e a t e d t h r o u g h
i n f i l t r a t i o n g a l l e r i e s a n d c h l o r i n a t e d . T h e s i t e i s d i s c u s s e d f u r t h e r
i n F I T ' S S i t e V i s i t R e p o r t a n d S a m p l i n g P l a n ( T D D R8-8408-17) a n d t h e
S a m p l i n g A c t i v i t i e s R e p o r t ( T D D R8-8411-02). T h e s i t e l o c a t i o n m a p i s
shown in F i g u r e 1 .

I I . Q U A L I T Y A S S U R A N C E R E V I E W

A l l s u r f a c e water s a m p l e s were a n a l y z e d b y R o c k y M o u n t a i n
A n a l y t i c a l L a b o r a t o r y ( R M A ) i n A r v a d a , C o l o r a d o . T h e s u r f a c e wa t er
s a m p l e s were a n a l y z e d f o r c y a n i d e , s u l f a t e a n d T a s k 1 a n d 2 m e t a l s
i n c l u d i n g b o t h t o t a l a n d d i s s o l v e d a n a l y s e s . T h e r e v i e w o f
m e t h o d o l o g y a n d r e s u l t s w a s p e r f o r m e d b y J o h n G r a v e s a n d L y n n R o b e r t s ,
b o t h o f E & E F I T . T h e i n o r g a n i c d a t a p r o d u c e d b y R M A were f o u n d
a c c e p t a b l e f o r u s e w i t h o n e q u a l i f i c a t i o n . T h e h o l d i n g t i m e f o r
c y a n i d e e x c e e d e d t h e c o n t r a c t r e q u i r e m e n t . T h e d a t a w i l l b e p r e s e n t e d
but f o o t n o t e d a s per the p r e v i o u s comment .

A l l s e d i m e n t s a m p l e s were a n a l y z e d b y t h e R a d i a n C o r p o r a t i o n i n
A u s t i n , T e x a s . T h e s e d i m e n t s a m p l e s were a n a l y z e d f o r T a s k 1 a n d 2
m e t a l s . T h e r e v i e w o f m e t h o d o l o g y a n d r e s u l t s w a s p e r f o r m e d b y L y n n
R o b e r t s , o f E & E F I T . T h e d a t a were f o u n d a c c e p t a b l e f o r u s e w i t h
s ev era l q u a l i f i c a t i o n s . T h e h o l d i n g t i m e f o r mercury w a s e x c e e d e d b y
2 m o n t h s . T h e m a t r i x s p i k e r e c o v e r i e s f o r a n t i m o n y , s e l e n i u m ,
t h a l l i u m ( r e c o v e r i e s were a t 0 % ) a n d b e r y l l i u m , n i c k e l , s i l v e r a n d t i n
were n o t w i t h i n t h e c o n t r a c t r e q u i r e d r e c o v e r i e s . F i n a l l y , c h r o m i u m
w a s d e t e c t e d i n t h e b l a n k a t 7 . 0 m g / k g . T h e d a t a w i l l b e p r e s e n t e d
b u t f o o t n o t e d a s p e r t h e p r e v i o u s c o m m e n t s . S e e A p p e n d i x A f o r t h e
c o m p l e t e Q C S u m m a r y R e p o r t .

I I I . A N A L Y T I C A L R E S U L T S

A n a l y t i c a l r e s u l t s f o r t h e R i c o - A r g e n t i n e M i n e s a m p l i n g e f f o r t
have been t a b u l a t e d b e l o w . T h e a n a l y s e s o f t h e t o t a l i n o r g a n i c
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p a r a m e t e r s and t h e d i s s o l v e d i n o r g a n i c p a r a m e t e r s in s u r f a c e wat er ar e
p r e s e n t e d i n T a b l e 1 a n d 2 , r e s p e c t i v e l y . T h e a n a l y s e s o f i n o r g a n i c
p a r a m e t e r s i n s e d i m e n t a r e p r o v i d e d i n T a b l e 3 . W a t e r Q u a l i t y
S t a n d a r d s f o r t h e D o l o r e s R i v e r a n d S i l v e r C r e e k a r e p r e s e n t e d i n
T a b l e s 4 a n d 5 , r e s p e c t i v e l y . T h e N a t i o n a l I n t e r i m P r i m a r y a n d
S e c o n d a r y D r i n k i n g W a t e r S t a n d a r d s a n d C r i t e r i a a r e p r o v i d e d i n T a b l e
6 . L o c a t i o n o f a l l s a m p l e s ar e shown in F i g u r e 2 .
I V . I N T E R P R E T A T I O N O F R E S U L T S

W a t e r s a m p l e s f r o m s t r eams were c o m p a r e d w i t h t h e d r i n k i n g water
s t a n d a r d s a n d c r i t e r i a i n T a b l e 6 . T h e s t a n d a r d s a r e l e g a l l y
e n f o r c e a b l e , w h i l e c r i t e r i a a r e r e c ommended l e v e l s . S o m e e l e m e n t s
such as c a l c i u m , m a g n e s i u m and p o t a s s i u m do not have c r i t e r i a . It i s
i m p o r t a n t t o e m p h a s i z e t h a t t h e s e wa t er s are a p p a r e n t l y no t used a s
d r i n k i n g wa t e r sources . The c o m p a r i s o n i s made a s a m e a s u r e m e n t o f
water q u a l i t y d e g r a d a t i o n . I n c o m p a r i n g d r i n k i n g water s t a n d a r d s t o
s a m p l e s , d i s s o l v e d c o n c e n t r a t i o n s o f s u r f a c e wat er a r e u s e d , t h e
d r i n k i n g water s t a n d a r d s a r e a l s o r e p o r t e d i n d i s s o l v e d
c o n c e n t r a t i o n s .

T h e r e were no o c curence s o f any s t a n d a r d s b e i n g e x c e e d e d in
S i l v e r C r e e k . L e a c h a t e s a m p l e s R A - S W - 4 a n d d u p l i c a t e R A - S W - 1 0 h a d
c o n c e n t r a t i o n s o f b e r y l l i u m , i r o n , m a n g a n e s e a n d z i n c t h a t e x c e e d e d
t h e c r i t e r i a . S u r f a c e wat er s a m p l e R A - S W - 3 h a d m a n g a n e s e
c o n c e n t r a t i o n s t h a t e x c e e d e d i t s c r i t e r i a . R A - S W - 4 a n d R A - S W - 1 0 h a d
s u l f a t e c o n c e n t r a t i o n s t h a t were 700,000 u g / 1 g r e a t e r t h a n t h e
b a c k g r o u n d s u r f a c e water s a m p l e .

T h e r e were no o c currence s o f any s t a n d a r d s b e i n g e x c e e d e d in the
D o l o r e s R i v e r . S u r f a c e water s a m p l e R A - S W - 6 , R A - S W - 7 a n d R A - S W - 8 a l l
h a d c o n c e n t r a t i o n s o f m a n g a n e s e t h a t e x c e ed ed t h e c r i t e r i a l e v e l .

W a t e r s a m p l e s f r o m s t r e a m s were a l s o c o m p a r e d w i t h wa t e r q u a l i t y
s t a n d a r d s f o r t h e D o l o r e s R i v e r a n d S i l v e r C r e e k . T h e s e s t a n d a r d s a r e
not c o n t r o l r e g u l a t i o n s , bu t are d a t a pu t ou t by the C o l o r a d o
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D e p a r t m e n t o f H e a l t h ( C D H ) . T h e C D H r e p o r t s s t a n d a r d s i n t o t a l
c o n c e n t r a t i o n . I n c o m p a r i n g s t a n d a r d s t o s a m p l e s , t o t a l
c o n c e n t r a t i o n s o f s u r f a c e water a r e u s ed . O n S i l v e r C r e e k , R A - S W - 4
a n d d u p l i c a t e R A - S W - 1 0 w h i c h a r e l e a c h a t e s a m p l e s f r o m t a i l i n g s
e x c e e d e d c r i t e r i a f o r c a d m i u m , c o p p e r , i r o n , l e a d , m a n g a n e s e , s i l v e r ,
z i n c . T h e r e a r e n o s u l f a t e s t a n d a r d s f o r S i l v e r C r e e k . O n t h e
D o l o r e s R i v e r , n o c r i t e r i a were e x c e e d e d . T h e r e a r e n o s u l f a t e
s t a n d a r d s f o r t h e D o l o r e s R i v e r .

S e d i m e n t s a m p l e s f r o m S i l v e r C r e e k a n d t h e D o l o r e s R i v e r were
c o l l e c t e d f o r m each s u r f a c e water s a m p l i n g l o c a t i o n . I n S i l v e r C r e e k ,
c o n c e n t r a t i o n s o f a r s e n i c , c a d m i u m , c o p p e r , i r o n , l e a d , m a n g a n e s e a n d
z i n c were d e t e c t e d i n t h e d o w n g r a d i e n t s a m p l e s ( R A - S E D - 2 , R A - S E D - 3 ,
R A - S E D - 9 ) i n much h i g h e r q u a n t i t i e s t h a n t h e u p g r a d i e n t s a m p l e
( R A - S E D - 1 ) . I n t h e D o l o r e s R i v e r , c o n c e n t r a t i o n s o f a r s e n i c , c a d m i u m ,
c o p p e r , i r o n , l e a d , m a n g a n e s e a n d z i n c were d e t e c t e d i n t h e d o w n g r a -
d i e n t s a m p l e s ( R A - S E D - 7 a n d R A - S E D - 8 ) i n much h i g h e r q u a n t i t i e s t h a n
t h e u p g r a d i e n t s a m p l e ( R A - S E D - 5 ) .

V . C O N C L U S I O N

T h e s u r f a c e water d a t a f r o m R M A were f o u n d a c c e p t a b l e f o r u s e
w i t h o n e q u a l i f i c a t i o n . T h e h o l d i n g t i m e f o r c y a n i d e w a s e x c e e d e d b y
o n e m o n t h . T h e s e d i m e n t d a t a f r o m R a d i a n were f o u n d a c c e p t a b l e f o r
u s e w i t h s ev era l q u a l i f i c a t i o n s . T h e h o l d i n g t i m e f o r mercury w a s
e x c e e d e d b y t w o m o n t h s , m a t r i x s p i k e r e c o v e r i e s f o r s i x c o m p o u n d s were
l e s s t h a n t h e a c c e p t a b l e l i m i t a n d c h r o m i u m w a s f o u n d i n t h e b l a n k .

W h e n i n t e r p r e t i n g t h e s u r f a c e water d a t a f r o m b o t h S i l v e r C r e e k
a n d t h e D o l o r e s R i v e r , i t seems t h a t t h e o n l y c o m p o u n d o f h i g h
c o n c e n t r a t i o n i n d o w n s t r e a m wa t e r s i s m a n g a n e s e . T h e l e a c h a t e f r o m
t h e S i l v e r C r e e k t a i l i n g s p o n d s a p p e a r s t o b e d i l u t e d i n a shor t
d i s t a n c e .
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T h e s e d i m e n t d a t a shows c o n c e n t r a t i o n s o f m e t a l s t h a t a r e c l e a r l y
g r e a t e r t h a n t h e u p s t r e a m s a m p l e s . I t i s a p p a r e n t t h a t t h e m e t a l s a r e
e i t h e r p r e c i p i t a t i n g f r o m s o l u t i o n s o r a r e b e i n g t r a n s p o r t e d
e l a s t i c a l l y . A s t r o n g c o o r e l a t i o n c a n b e made be tween m e t a l s f o u n d i n
d o w n s t r e a m s a m p l e s a n d m i n i n g o p e r a t i o n s . A n e x t e n s i v e s e d i m e n t
s a m p l i n g e f f o r t m i g h t b e u s e f u l a t t h i s s i t e .
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TABLE 6: N A T I O N A L I N T E R I M P R I M A R Y A N D S E C O N D A R Y
D R I N K I N G H A T E R S T A N D A R D S A N D C R I T E R I A

I . F r o m : N a t i o n a l I n t e r i m P r i m a r y D r i n k i n g W a t e r R e g u l a t i o n s , E P A •
570/9-76-003 ( U S E P A ,

A r s e n i c
B a r i u m
C a d m i u m
C h r o m i u m
L e a d
M e r c u r y
S e l e n i u m
S i l v e r

I I . F r o m : U . S . E P A

1976 a).

50 u g / L
1000 ug/L
10 ug/L
50 ug/L
50 u g / L
2.0 u g / L
50 u g / L
50 u g / L

W a t e r Q u a l i t y C r i t e r i a , F e d e r a l R e g i s t e r 4 5
( 2 3 1 ) ( U . S . E P A , 1980).

A n t i m o n y
B e r y l l i u m
C o p p e r
N i c k e l
T h a l l i u m
Z i n c

•)

146 u g / L
0.037 u g / L
1000 u g / L
13.4 u g / L
13 u g / L
5000 u g / L

I I I . F r o m : U . S . E P A Q u a l i t y C r i t e r i a f o r W a t e r ( 1 9 7 6 b )

I r o n
M a n g a n e s e

I V . F r o m : D r i n k i n g
( 1 9 8 0 )

A l u m i n u m

300 u g / L
50 u g / L

W a t e r a n d H e a l t h , S a f e D r i n k i n g W a t e r C o m m i t t e e

5000 ug/L
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F O R M AI

I
•

I
I

QC SUMMARY REPORT
R E G I O N V I I I C O N T R A C T L A B D A T A

P r o j e c t I
_ D a t a
| Date of Review

C o n t r a c t o r L a b o r a t o r yI
Case N o . ZSttf M a t r i x

| S i t e
S a m p l e ho. yf\ H G/G& ' _ 01 //

cnio ______ ___
* (*0 D a t a are a c c e p t a b l e for use

|

( ) D a t a are a c c e p t a b l e for use w i t h q u a l i f i c a t i o n noted above
( ) D a t a are p r e l i m i n a r y - p e n d i n g v e r i f i c a t i o n by c o n t r a c t o r

•

l abora t ory
( ) D a t a are u n a c c e p t a b l e

I F o l l o w i n g are our f i n d i n g s :

/
. ° 7

E8.E F o r m 6/84-1



IIIIIIIIIIIIIIIIIII

C o r m A

I n o r g a n i c D a t a C o m p l e t e n e s s C h e c k l i s t

I n o r g a n i c a n a l y s i s d a t a s h e e t s

I n s t r u m e n t D e t e c t i o n l i m i t s

D u p l i c a t e r e s u l t s

S o i k e r e s u l t s

I C P i n t e r f e r e n c e check s a m p l e

B l a n k r e s u l t s

R a w d a t a f o r c a l i b r a t i o n s t a n d a r d s

R a w d a t a f o r b l a n k s

i X R a w d a t a f o r s a m p l e s

I / R a w d a t a f o r d u p l i c a t e s

[ / R a w d a t a f o r s p i k e s

I n i t i a l c a l i b r a t i o n a n d c a l i b r a t i o n v e r i f i c a t i o n r e s u l t s

C o n t i n u i n g c a l i b r a t i o n v e r i f i c a t i o n



A l l i n o r a - f i n i c d e t e c t ' i o n l i m i t s m e t t h e c o n t r a c t r e q u i r e m e n t s .
«•/

I
• F o r m B

A l l i n o r o / n i c s t a n d a r d s were w i t h i n s p e c i f i e d c o n t r a c t l i m i t s .
• Yes I/ No

C o n s e n t s : f U ( ( / a * y , o o v
I S f ^ . t / . / foa) of\ I-

v̂ JI
• Yes ^ No_
_ C o m m e n t s :

I
I A l l m a t r i x s p i k e r e q u i r e m e n t s were met.

Yes____ N o j
I ——————— ——————— s?C o m m e n t s : ~>&(Gn tmvn S"<^,C>OO^r\i U,^Cfc .£ c.-? 7 /o

I
I
• m a s s i v e i /)
™ YP^ V/
I
I
I
I
I

T h e i n t e r f e r e n c e check s a m p l e w a s r u n t w i c e p e r e i g h t hour s h i f t . N o
m a s s i v e i n t e r f e r e n c e s were p r e s e n t . i
Yes V^ No_____
C o m n e n t s :



I
I F o r m C

I
A b l a n k /a s run w i t h every t w e n t y s a m p l e s or l e s s per case.

I Yes ^ No ___ •_
1

H o w many e l e m e n t s were d e t e c t e d above t h e r e q u i r e d d e t e c t i o n ! i m i t ?I
• How many e l e m e n t s were d e t e c t e d a t g r e a t e r t h a n one h a l f t h e amount

d e t e c t e d in any s a m p l e ? : O^
•j C o m m e n t s :

I
A d u p l i c a t e s a m p l e wa s run w i t h every t w e n t y or f e w e r s a m p l e s o f a

•

s i m i l a r n r a t r i x , o r one p er case , w h i c h e v e r i s more f r e q u e n t .
Yes \ s No _____

I
_ T h e R P D ' s / C
I Yes _^__

I

I

T h e R P D ' s y w e r e t a b u l a t e d .
N o _

C o m m e n t s :

I A l l h o l d J r f g t i m e s were met .i/Y e s L T > N o
C o r r c T i e n t s :

I



II
• REGION VIII Simra OP DATA QUALITY ASSURANCE REVUW

I Case No. 3^^9___________ Project No.___________

I

I
I
I

site y?^*, /We /&
Oontractor Laboratory

| Data teviewer rffl^tfthtk_____pate of Review
Sanpl e Matrix_______£t>*A-

^3 <^f 7Ranple No. /ntio&J*} /nfid *X?3

( ) Data are acceptable for use .
( •) Data are acceptable for use with qualif ication noted
( ) Data are prelininazy - p e n d i n g action or verification
( ) Data are unacceptable

Action required by DPO?
S
Yes___ Fol lowing items require action_______

I Action required by Project O f f i c e r (PO)?

I No IS Yes
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/<a/*UXU>.«X

**!/ /2**A\Jt_

/^Ixg^t/v^. £~ c*JT -Jt~s(
• 0A

• m i r n t i n i n i !



I For* II
• A l l inorgan i c s t a n d a r d ' s were w i t h i n s p e c i f i e d contract l i m i t s

Ye s___ No SI
I
I A l l i n o r g a n i c d e t e c t i o n l i m i t s m e t t h e contrac t r e q u i r e m e n t s .
• Yes tr No___

Comments:
I
I
• A l l n i a t r i x s p i k e r e q u i r e m e n t s were met.
• Yes____ No
• Comnent s:
• /y**^- - - o i) y

i!i •» «j *if
|

fe.»>V^MAA~/^ / T t C
( j - u c J ^ J k ' I 5 C > 7 «

I meb^ive
Yes /

I
I
I
I
I

"

The i n t e r f e r e n c e check s a m p l e wa s run twic e p e r e i g h t hour s h i f t . No
mes s iv e i n t e r f e r e n c e s were p r e s e n t .

No____
Comments:



I f o r m CI
A b l a n k was run w i t h every twenty sample* or l e s s per case.
Yes iX No .

I How many e l emen t s were d e t e c t e d above the required d e t e c t i o n l i m i t ? /

How many e l ement s were d e t e c t e d at greater than one h a l f the amount
I d e t e c t e d in any s a m p l e ? ; I* — ——Comments:

I
I . A d u p l i c a t e s a m p l e was run w i t h every twen ty or f e w e r s a m p l e s of a

s i m i l a r m a t r i x , or one per case, whichever is more f r e q u e n t .
I Yes S No____

T h e R P D ' s were t a b u l a t e d .
Yes i / No
Counts:

A l l h o l d i n g t imes were met.
Yes ____ No r
Comments:

O



c o n t r a c t r equ i r emen t s .
N oM> MConment s : ......... .

I c o n t r a c t
Yes /

I
I
I
I
I
I
I
• A l l s a m p l e s were e x t r a c t e d a n d a n a l y z e d w i t h i n c o n t r a c t h o l d i n g
™ t i m e s .
I Y e s N o /

Corr.-nenls:

jLui*



f o r m A

I n o r g a n i c Data C o m p l e t e n e s s C h e c k l i s tI
• t / I n o r g a n i c a n a l y s i s d a t a s h e e t s
• «X I n s t r u m e n t D e t e c t i o n l i m i t s

• D u p l i c a t e r e s u l t s
• _£^_ S p i k e r e s u l t s

I
I

^ R a w d a t a f o r c a l i b r a t i o n s t a n d a r d s

* 1CP I n t e r f e r e n c e check s a m p l e

r B l a n k r e s u l t s
•

R a w d a t a f o r b l a n k s
/

R a w d a t a f o r s a m p l e s

. */ Raw d a t a for d u p l i c a t e s

_ Rsw d a t a f or s p i k e s
I
_ i s I n i t i a l c a l i b r a t i o n a n d c a l i b r a t i o n v e r i f i c a t i o n r e s u l t s

( s C o n t i n u i n g c a l i b r a t i o n v e r i f i c a t i o nI —
I
I
I


